Reliability validation is an important research field in smart grid and involves the comprehensive consideration of various evaluation factors. Because it is difficult to accurately define the indicators of qualitative analysis, the fuzzy comprehensive evaluation method is introduced to evaluate each index and obtain reasonable, comprehensive and effective evaluation results. A novel model evaluation method called fuzzy analytic hierarchy process (FAHP) is proposed for smart grid in the area of energy internet, and it considers the interaction among the indices. The solution estimates the index weight through the analytic hierarchy process and builds the evaluation model using the fuzzy comprehensive evaluation method based on the hierarchy process to assess the performance of the evaluation model with fuzziness. Then, the effectiveness of the method for smart grid is verified by numerical examples. The fuzzy method proposed will provide an alternative technique for assessing different aspects of interaction in smart grid.
Introduction
Countries and regions around the world have developed new energy targets to vigorously support the development of the new energy industry. However, with the problems of climate change, environmental pollution, resource shortage and overexploitation, the energy system based on fossil energy has been unable to support the sustainable development of the economy and society. Breakthroughs continue to be made in nuclear power, wind power, solar energy and new energy as the representative of new energy technology, but strategic decisions centered on global energy production and consumption patterns should be changed for various countries.
Online information has made great progress in this field, especially due to the integration of internet and new energy technology. Energy Internet System (EIS) was first proposed by the American scholar Jeremy Rifkin [1] , in smart grid based on many major breakthroughs. EIS is considered to be the future energy infrastructure platform, able to distribute energy production consumption. It can meet many challenges, such as intermittent energy regulation and access, production, storage and allocation of customized demands. EIS includes the operation and management of power systems, electrified transportation networks and traditional networks of natural gas, but other energy systems are separate. Energy internet studies usually investigate system performance and its influencing factors using different metrics [2] [3] [4] [5] [6] , but very few focus on the model evaluation method. Recently, the combination method based on non-fuzzy theory and multiple criteria decision making (MCDM) models have attracted increasing attention within the decision-making environment. Are they appropriate for EIS evaluation?
In this paper, we exploit the fuzzy theory method to build a faster and more effective evaluation model in the area of EIS. Unlike prior works that selected the prediction model using AHP, which cannot reflect the interaction among model indices, we propose a novel model selection algorithm called the fuzzy analytic hierarchy process (FAHP). This algorithm considers the interaction among indices. Our solution estimates the index weight with AHP and builds the evaluation model using the fuzzy comprehensive evaluation method to assess the performance of the evaluation model with fuzziness.
Related Work
The analytic hierarchy process (AHP) is a multi-criteria decision approach for organizing and analyzing complex decisions, based on structured technique and psychology discipline. It was developed by Thomas L. Saaty in the 1970s and has been extensively studied and refined since then [7] . AHP is a multiple criteria decision-making tool that has been used in almost all applications related to decision-making [8] , such as store location evaluation [9] , port competitiveness evaluation [10] , networks risk assessment [11] , and so on.
Through the analysis of the complex decision system, it can be seen that each index is not independent of each other, and it is difficult to determine the weight of the evaluation model in the structured level. It provides a comprehensive and rational framework for structuring a decision problem by representing and quantifying its elements. The AHP is conducted through the following five steps:
 Collect information about planning decisions involved, such as principles, policies and various constraints. Based on the deep understanding on the system, determine the overall goal of the system.  Divide the system into several grade levels by building a multi-level hierarchical structure according to the target of the differences, and realize the function.  Determine the hierarchical structure of the correlation degree between adjacent level elements. The relative weights, i.e., importance of every level of the relevant elements were given to construct the comparative judgment matrix.  Compute the synthetic weight of the system target to determine the overall important degree of the bottom of each element in the hierarchical structure.  Consider the corresponding decision according to the analysis and calculation results.
At present, there are many scientific and effective project evaluation methods. Multiple factors affect the external performance of EIS projects. It is difficult to quantify the relationship between the interaction and the mutual feedback, and these factors are fuzzy and uncertain. Therefore, in view of the characteristics of the external factors of EIS projects, we investigate the fuzzy analytic hierarchy process (FAHP) to determine the weight of each evaluation index.
Fuzzy Analytic Hierarchy Process Evaluation for Smart Grid in the Area of Energy Internet
The fuzzy analytic hierarchy process (FAHP) was proposed by Professor James J. Buckley to extend hierarchical analysis for the case where participants are allowed to employ fuzzy ratios in place of exact ratios [12] [13] . It is a new practical decision-making method based on the analytic hierarchy process (AHP), which is especially suitable for the complex decision system for EIS. Here, the EIS evaluation process is formulated as a multiple criteria decision-making problem under uncertainty, where the imprecise decision maker's judgements are represented as fuzzy numbers. The fuzzy modification of the AHP thus obtained is implemented for finding global scores of all possible alternatives. This makes the AHP method accurate and effective through the description of the relationship between objective things.
Let the element indices of the system be represented by 1 e , 2 e ,…, n e , then the fuzzy judgment matrix () ij n n Ba   is obtained when the quantitative value ij a can be expressed as the important degree factor i e compared to factor j e . The fuzzy judgment matrix has the following properties: 0.5, are equal important 0.6, is slightly more important than 0.7, is obvious more important than 0.8, is fairly more important than 0.9, is extremely more important than 
From Equation (1) The triangular fuzzy number has been used here:
Where the most possible value for the fuzzy number F is m, and L and P are the left and right boundaries. Elements of this collection have no subordinate relations beyond the borders. Deriving a general formula for solving the fuzzy complementary judgment matrix, the formula contains the excellent properties of the fuzzy consistent judgement matrix. Its judgement information requires only a small amount of calculation. It is convenient for computer programming and practical application. The formula for solving the weight of the fuzzy complementary judgment matrix is as follows:
To consider the weight and whether it is appropriate or not, we need to carry out the coincidence test. When the offset consistency is too large, it has been proven that the calculation result of the weight vector is not reliable. The principle of consistency of the fuzzy judgment matrix is derived to test the consistency principle. 
, then the Eigen matrix of the judgment matrix A is:
For the decision maker A, the judgment matrix satisfies the consistency condition when the consistency index ( , )
.
The smaller the A, the higher the consistency of the fuzzy judgment matrix required by the decision maker.
For real applications, some experts give the comparison judgment matrix on factor set X, with 1, 2, , km  .
Where 1, 2, , . km  From these fuzzy complementary judgment matrixes, we can obtain the weighting set
The consistency test of the fuzzy complementary judgment matrix is completed using the following two steps:
(1) The consistency of M judgment matrix k A :
2) The satisfactory consistency between judgment matrices:
Where 1 im  ,1 jp  , m is the number of the models, and p is the number of the performance metrics. It can be proven that if the consistency of the fuzzy complementary judgment matrices ( 1, 2, , )
are acceptable, then their corresponding judgment matrices are also acceptable. The weight vector is:
Where
As long as both Equation (1) and (2) meet, the means of the m weight set can be accepted as reasonable and reliable weights for the indices.
According to the weight, the result is tested by consistency, as in the following formula:
In the formula, B is the judgment matrix of each order, and the percent is the corresponding element in the judgment matrix. A is the characteristic root of the judgment matrix. 
, max
In order to conduct a comprehensive score, the comprehensive score of G should be obtained to determine whether the project should make appropriate adjustments to achieve the minimum. The comprehensive score U can be computed as follows: 
Empirical Research
Taking smart grid in the area of energy internet as an example, experts from energy engineering teams provide relative weights using the AHP method. To make the weight more reliable and obtain a stable final judgment matrix and weight coefficient, the consistency of the matrix is checked. We calculate the average score of each member in the data processing. After the data processing, the weight coefficient is obtained: It is concluded that since there are too few multiple criteria decision making methods for energy engineers, the interaction between the model indexes from different performance metrics may help. We are optimistic that the fuzzy theory based method can guide optimal evaluation strategies, possibly achieving accurate stability evaluation for energy internet.
Conclusions
We have proposed a new model evaluation method, FAHP, for the energy internet system. The solution first estimates the index weight using AHP and then builds the evaluation model using the fuzzy comprehensive evaluation method. This method is based on the analytic hierarchy process to assess the performance of the evaluation model with fuzziness. In the future, we will try to investigate other weight algorithms for model evaluation on additional energy internet systems.
